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IRON-BASED METALLURGICAL COMPOSITIONS CONTAINING FLOW AGENTS AND METHODS FOR USING 
SAME FIELD OF THE INVENTION The present invention relates to iron-based metal- lurgical powder compositions. 
More particularly, the pre- sent invention relates to such compositions containing flow agents to improve the flow 
characteristics of the powder compositions, particularly at elevated processing temperatures. 

BACKGROUND OF THE INVENTION In the art of powder metallurgy, a metallurgical powder composition is used to 
produce metal parts in accordance with well established techniques. Generally, the metallurgical powder is poured into 
a compaction die and compacted under high pressure, and in some circum- stances elevated temperatures, to form 
the compacted or "green", part. This green part is then sintered to form a cohesive metallic part. The sintering 
operation also burns off any organic materials, such as the residue of any die lubricant or internal lubricant, from the 
metal- lie material. 

The speed and efficiency at which such parts can be produced is affected by the flow characteristics of the 
metallurgical powder. In most production processing tech- niques, the metallurgical powder must flow, by gravity, from 
a storage bin into a container, or M shoe", that transports the powder from the storage site to the die. 

The powder is then poured from the shoe into the die cavity. The speed at which the powder can flow is a rate 
determining step for the manufacturing of parts in many instances. 

There is currently an increasing demand for metal- lurgical powder compositions, particularly iron-based powder 
compositions that can be utilised in compaction operations conducted at"warm M pressing conditions. Im- proved 
powder compositions useful in such compaction operations are set forth in US Patent No 5 154 881 to Rutz and Luk, 
which is incorporated herein by reference in its entirety. Generally, the powder and/or the die cavity is heated, to a 
temperature up to about 370°C, for compaction. In certain instances, it is desired to pre- heat the powder compositions 
to at least about 1 50°C or higher to increase the efficiency of such compaction processing. However, it has been found 
that the flow ability of certain iron-based powder compositions is ad- versely affected by those processing 
temperatures. 

Thus there exists a need in the powder metallurgy art to produce iron-based metallurgical powder composi- tions 
having improved flow characteristics. There exists a particular need to prepare such iron-based powder com- positions 
that have improved flow characteristics at ele- vated temperatures associated with warm compaction opera- tions. 

SUMMARY OF THE INVENTION The present invention provides iron-based metallur- gical powder compositions that 
are characterised by having superior flow properties, particularly at elevated temperatures associated with warm 
compaction operations. 

The invention also provides methods for using the powder compositions to produce compacted parts. According to the 
present invention, a flow agent is incorporated into an iron-based powder composition; the presence of the flow agent 
enhances the flowability of the powder composition, particularly at elevated temperatures. 

The flow agent materials are nanoparticles of various metals and their oxides. Typically, the metal and metal oxide 
powders have average particle sizes below about 500 nanometers. In one embodiment of the present invention the 
iron-based powder composition is blended with a silicon oxide flow agent. The silicon oxide flow agents are preferably 
blended with the iron-based powders in an amount of from about 0.005 to about 2 percent by weight of the resultant 
powder composition. The preferred silicon oxide having an average particle size below about 40 nanometers. 
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In another embodiment of the present invention, the iron-based powder composition is blended with an iron oxide flow 
agent. The preferred iron oxide flow agents have an average particle size below about 500 nanometers. 

The iron oxide flow agents are preferably blended with the iron-based powders in an amount of from about 0.01 to 
about 2 percent by weight of the resultant powder compo- sition. It is particularly advantageous to blend the iron oxide 
flow agents with the silicon oxide flow agents. 

The addition of the flow agents is particularly beneficial for enhancing the flow properties of those iron-based powder 
compositions used in warm compaction processes. As such, the compositions preferably include a lubricant 
specifically designed for such warm compaction applications, and where necessary, a binding agent spe- cifically 
designed for such applications. 

It has further been found that the addition o'f the flow agents unexpectedly reduces the ejection forces re- quired to 
remove the compacted part from the die. Thus, the addition of the flow agents of this invention is be- lieved to reduce 
die wear. 

DETAILED DESCRIPTION OF THE INVENTION The present invention provides improved metallurgi- cal powder 
compositions having superior flow characteristics, particularly at elevated temperatures. 

The metallurgical powder compositions are generally those containing an iron-based powder, and optionally a lubricant 
powder and/or a binding agent, and are improved by the further addition of a flow agent powder having a defined 
particle size distribution. 

The metal powder compositions that are the subject of the present invention contain iron-based powders of the kind 
generally used in powder metallurgical methods. 

Examples of 'iron-based-powders, as that term is used herein, are powders of substantially pure iron; particles of iron 
pre-alloyed with other elements (for example, steel-producing elements) that enhance the strength hardenabi lity, 
electromagnetic properties, or other de- sirable properties of the final product; particles of iron to which such other 
elements have been diffusion bonded; and particles of iron in admixture with particles of such alloying elements The 
iron-based powders gener- ally constitute at least about 85 percent by weight and more commonly at least about 90 
percent by weight of the metal powder composition. 

Substantially pure iron powders that can be used in the invention are powders of iron containing not more than about 
1 0% bv weight preferably no more than about 0.5% by weight, of normal impurities. Examples of such highly 
compressible, metallurgical-grade iron powders are the ANCORSTEEL 1000 series of pure iron powders, e. g. 

1000 1000B and 1000C. available from Hoeganaes Corpora- tion, Riverton, New Jersey and similar powders available 
from Hoganas AB, Sweden. For example, ANCORSTEEL FOOO iron powder, has a typical screen profile of about 
22% by weight of the particles below a No. 325 sieve (U. S. se- ries) and about 10% by weight of the particles larger 
than a No 1 00 sieve with the remainder between these two sizes (trace amounts larger than No. 60 sieve). The 
ANCORSTEEL 1000 powder has an apparent density of from about 2.85-3.00 g/cm3, typically 2.94 g/cm3. Other iron 
powders that can be used in the invention are typical sponge iron powders, such a Hoeganaes'ANCOR MH-100 pow- 
der. 

The iron-based powders can also include iron, pre- ferably substantially pure iron, that has been pre- alloyed diffusion 
bonded or admixed with one or more alloying elements. Examples of alloying elements that can be combined with the 
iron particles include, but are not limited to, molybdenum ; manganese; magnesium ; chromium ; silicon ; copper ; 
nickel; gold vanadium; columbium (niobium); graphite; phosphorus; aluminium; binary alloys of copper and tin or 
phosphorus; Ferro-alloys of manga- nese, chromium, boron, phosphorus, or silicon ; low mel- ting ternary and 
quaternary eutectics of carbon and two or three of iron, vanadium, manganese, chromium, and molybdenum ; carbides 
of tungsten or silicon ; silicon nitride ; aluminium oxide ; and sulphides of manganese or molybdenum, and 
combinations thereof. Typically, the alloying elements are generally combined with the iron powder, Preferably the 
substantially pure iron powder in an amount of up to about 7% by weight, more preferably from abou 0.25 /o to about 
5% by weight more preferably from about 0.25% to about 4% by weight, although in cer- tain specialised uses the 
alloying elements may be pre- sent in an amount of from about 7% to about 15% by weight, of the iron powder and 
alloying element. 

The iron-based powders can thus include iron par- tides that are in admixture with the alloying elements that are in the 
form of alloying powders. The term "alloying powder"as used herein refers to any particu- late element or compound, 
as previously mentioned, physi- cally blended with the iron particles, whether or not that element or compound 
ultimately alloys with the iron powder. The alloying-element particles generally have a weight average particle size 
below about 100 microns, oreferablv below about 75 microns, more oreferablv below about 30 microns. Bindina 
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agents are preferably included in admixtures of iron particles and alloying powders to prevent dusting an id s egregat ion 
of the alloying powder from the iron powder. Examples of commonly used b.nd.ng agents .nclude those set forth .n U. 
S. Patent Nos. 

4 483 905 and 4 676 831 . both to Engstrom. and in U. S. 

Patent No. 4 834 800 to Semel, all of which are incorpo- rated by reference ^J^^^^^S^JoS' 
can be blended into the metal powder compositions in amounts of from about 0.005-3% wt., Preferably about 0.05- 
1.5% wt., and more preferably about 0.1-1% wt.. based on the weight of the iron and alloying powders. 

The iron-based powder can further be in the form of iron that has been pre-alloyed with one or more ol f the 'Joying 
elements. The pre-alloyed powders can be pre- pared by making a melt of iron and the desired aHoy.ng , elements, and 
then atomisinq the melt whereby the ato- mised droplets form the powder upon solidification. The amount o the 
SSff£KSLt. incorporated depends upon the properties desired f^.^^J^SS&'K 
powders that incorporate such alloying elements are available from Hoeganaes Corp. as part of its ANCORSTEEL line 
of powders. 

A further example of iron-based powders is diffu- sion-bonded iron-based powder, example is a powder which are 
particles 3 Substantially pure iron that have a layer or coating of one or more other metals such as steel-produang 
dements and the alloying elements set forth above, diffused into their outer surfaces. Such commeraaHy available 
powders include DISTALOY 4600A diffusion bonded powder from Hoeganaes Corporation, which contains about 1 .8 /o 
ricS about 0.55% molybdenum, and about 1.6% copper, and DISTALOY 4800A d,ffus,on bonded powder from 
Hoeganaes Corporation; which contains about 4.05% nickel, about 0.55% molybdenum, and about 1 .6% cop- per. 
Similar grade powders are also available from Hoganas AB. Sweden. 

A preferred iron-based powder is of iron pre-alloyed with molybdenum (Mo). The powder is produced by atomising a 
™iSf SbsSntiS ^ pureTon containing from about 0.5 to about 2.5 weight percent Mo. An example , of such a , powder 

Hoeganaes ANCORSTEEL 85HP steel powder, which contains about 0.85 weight percent Mo less .than abou OA 
weight percent, in total, of such other materials as manganese, chromium, silicon, copper, nickel. ^Menum or 
aluminium, and less than about 0.02 weight percent carbon. Another example of such a powder « Hoeganaes 
ANCORSTEEL 4600V steel powder, which contains about 0.5- 0.6 weight percent molybdenum about 1 5-2£ weight 
per- cent nickel, and about 0 1-0.25 weight percent manganese, and less than about 0.02 we.ght percent carbon. 

Another pre-alloyed iron-based powder that can be used in the invention is disclosed in U. S. Patent No. 

5 108 93 to Causton, entitled"Steel Powder Admixture Having Distinct Pre-alloyed Powder of Iron Alloys^ which i is 
herein incorporated in its entirety. This steel powder composition is an admixture of two different Ployed iron- 
based powders, one being a pre-alloy of iron with 0.5-2.5 weight percent molybdenum, the other being a pre- alloy of 
iron with carbon and with at least about 25 weight percent of a transition element component, wherein this component 
comprises at least one element selected from the group consisting of chromium, manganese vana-dium, ^d 
columbium. The admixture is in proportions that provide at least about 0.05 we.ght percent of the transi- tion element 
component to the steel powder composition. 

An example of such a powder is commercially available as Hoeganaes ANCORSTEEL 41 AB steel powder, which 
contains about 0.85 weight percent molybdenum, about 1 we.ght per- cent n.ckel. about 0.9 weight percent 
manganese, about 0.75 weight percent chromium, and about 0.5 weight per- cent carbon. 

Other iron-based powders that are useful in the practice of the invention are ferromagnetic powders. An example is a 
composition of substantially pure iron pow- ders in admixture with powder of .ron that has been pre- alloyed w.th small 
amounts of phosphorus. 

Still further iron-based powders that are useful in the practice of the invention are iron particles coated .with a 
thermoplastic material to provide a substantially uniform coating of the homoplastic mater*! as de- ^scribed in U. S. 
Pat No 5 1 98 1 37 to Rutz et al. , which is incorporated herein in its entirety. Preferably, each particle has a 
LbsEtiallv -uniform circumferential coating about the iron core particle. Sufficient thermo- plastic material issued to 
provide a coating of about 0.001 -15% by weight of the iron particles as coated . 

Generally the thermoplastic material is present in an amount of at least 0.2% by weight preferably ^^^4- 2% by 
weight, and more preferably about 0.6-0.9% by weight of the coated particles. Preferred are those , ther- mop astics 
such as poplyethersulfones. polyetherimides. polycarbonates, or polyphenylene ethers h T.S^L 9 SLZp those 
molecular weight in the range of about 10 000 to 50 000. Other polymenc coated L'r°";based powders "^de those 
containing an inner coating of iron phosphate as set forth in U. S. Patent No. 5 063 01 1 to Rutz et al., which is 
incorporated herein in its entirety. 
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The particles of pure iron pre-alloyed iron, diffu- sion bonded iron, or thermoplastic coated iron can have a weight 
Iveraae oarticle size as small as one micron or below, or up to about 850-1000 microns, but generally the part,cles will 
^SSSSiS^SSS^ * the range of about 10-500 microns. Preferred are those having a maximum 
number average particle size up to about 350 microns, preferably 50-150 microns. 

The flow behaviour of composition of iron-based pow- ders is an important physical characteristic for it directly affects 
lie raU Tat whicl? partisan be manufac- tured by using conventional powder metallurgy techmques. 

The present invention provides for the improvement of the flow of the generally known and used iron-based powders 

temperature; ?. The flow agent should not adversely effect the comparability of the powder compo- s.tion. nor should ,t 
adversely effect the compacted (green) or sintered properties of the resulting parts. 

ThP flow aaents of the present invention can be re- ferred to as"nanoparticles"in that they are particulate materials 
wherein a fmaK fSWI^SSSSl a particle diameter below 1 micron. The particle size distribution of the flow 
agents can be determined by various means. 

The term-average particle size"as used with respect to the present invention is determined, on a w ^ ht ^ „ 
i ne xeim ' H« * _ SA> . Aps = average part cle size p = density of the powder SA - 

^ d usin 9 dard 'procedures such as those set 

forth in testo?stan-Trd ASTM D70. The surface area is the BET (Brunauer. Emmett, TeHer surface area determined 
^JSS&XcSS^L as those set forth in ASTM D4820. V^S^^SSSS^SS' Venf,ed by 
means of electron microscopy, which can be used to visually exa- m.ne the particle s.ze of the powder. 

The flow agents can be selected from those metals and metal oxides having average particle sizes below about 500 
nm preferably befow about 250 nm, and more preferably below about 100 nm. and are thus referred to as 
nanooartl* materials Representative metals that can be used as the nanopart.cle materials in either their metal or 
S^SS^SSSon. aluminium, copper, iron, nickel titanium, gold, silver, ptabnum. pa.lad.um, bismuth, 
cobalt, manganese, magnesium, lead, tin. vanadium, yttrium, niobium, tungsten, and zirconium. 

s,irh materials are commercially available from ULTRAM International. These nanoparticle materials are present in 
fhe m*a Kte™ SSSs K an amount of from about 0.005 to about 2 percent by weight, preferably from about 
C 0 Tto 23? peTcS; weight, and more pre- ferably from about 0.025 to about OS pe ^ by JM *•* on 
Stoif weight of the metallurgical composi- tion. Preferred flow agents are oxides id sihcoa and the other 
nanoparticle materials can be beneficially ad- mixed with the silicon oxides to further enhance the flow of the 
metallurgical powder composition. 

about 0 15 a/cm3 oreferablv between about 0.035 and about 0.1 g/cm3. more preferably between about 0.04 and 
aoou 0 It g cm3 The Sn oxides have an average particle size, determined in accordance with fennuta (0 above 
Snd general ^ number average particle size de- termined by electron microscopy visual exammat.on) below ab_ out 
40 1 nanometere (nm) advantageously between about 1 to about 35 nm, preferably between about 1 and about .25 nm. 
more oSlbl between about 5 and about 20 nm. The particle size distribution of the silicon oxide is pre- ferably 
JS fftSt^JoSSll^ a number basis of the particles are below about 100 nm. preferably below 75 nm, and 
more preferably below about 50 nm. 

The silicon oxides are present in the metallurgical compositions in an amount <J^^^^S^^ Pjomt 
bv weiqht preferably from about 0.01 to about 1 percent by weight, and more, preferably from about 0.025 i to about 
0 5 Dercen fbv weiont based on the total weight of the metallurgical composition. Preferred silicon oxides are the 
SfiffSSS SlSals Sh hydro- phHic and hydrophobic forms, commercially available as the Aerosi. line of s.Hcon 
dioxides, such as the Aerosil 200 and R81 2 products, from Degussa Corporation. 

ate J 50 rn^rand more prefeS be^een about 5 and about 20 m2/g. The density of the silicon oxides is generally 
bZeen about JVndXutl g/cm3. preferably between about 4 and about 5 g/cm3, more pre- ferably between about 
44 S about 4 7 S?The fron oxides will preferably have an average particle size, de- termined in accordance 
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oxide is preferably such that about 90 percent, on a number basis, of the par- tides are below about 1 micron, 
preferably below 750 nm, and more preferably below 500 nm. 

compositions. 

required to remove the <*«*«>*>£"*°>* 5S£S^5K««E. ««* as elhylen. bis- stearamMe, along 

srsxsr^ 

powder composition. 

The metal powoer composites ol the present in.en-fa, are 
by reference in its entirety. 

a compaction temperature-measured as the temperature onne f° m P°f ™" 1* ,o 19 . R y and commonlv above about 
a b nder to prevent segregation and dusting. A use- Tuinignw iipeiaiuc 

perform well in such compositions intended for warm compaction are set forth in U. S. Pat. No. 5.368,6,50 to luk, 
which is incorporated herein by reference in its en- tirety. 

The high temperature lubricant described U. S. Pat. 

therefore prope ^ dependent .on such w H wry As {A0Q . f) t0 about 26crc (500°F). The 

Most preferably the lubricant particles have a weight average particle size of about 10-50 m.crons. 
The binding agents described in U. S. Pat. No. 

wmwmwmmm. 

rr„. . ~« *>~~ • 



http://ww.wipo.int/pctdb/en/fetchjsp?DISP=25&IDB=0&SORT=ll^ 



2/2/2007 



(WO/1999/059753) IRON-BASED METALLURGICAL COMPOSITIONS CONTAINI... Page 6 of 10 



estS?Sfonamide-formaldehyde resins and long chain alcohols as d.sclosed .n the US patent 5 432 223. 
procedures set forth in U. S. Pat. No. 

wmiwmmmm- 

removed, fol- lowed by the addition, by dry blending, of the flow agent. 
The secuence of addition oft he 

USSI The flow agent is then admixed to the thus formed metal powder composi- Hons. 

different sizes and an enhanced performance at increased feed shoe rates during pressing. 

The addition of flow aqents to bonded powder mixes thus make it possible to obtain more uniform density in 
Smpactedparts ol compilx shape and to produce powder metallurgical components at higher rates. 

EXAMPLES Example 1 The improvement to the flow characteristics of a metal powder ^ m P osit l, on f™^." 1 ® . 



enclosure. 



mmtmm 

TABLE 1.1 Reference Mix Component Wt % ANCORSTEEL1000B1 » ^giMM Lubricants 0 45 Binder4 0.15 
-Pure'der; Hoeganaes Corp.<BR> <BR> <P>2 _ Asbury 3203; Asbury Graphite M,lls, Inc. 

3 - PROMOLD 450; Morton International Cellulose acetate butyrate CAB-381 ; Eastman Chemical Products, Inc. 
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The metal powder composition set forth in Table 1 .1 functioned as the control powder. A small amount of two different 
silicon dioxide powders was then blended into the control powder in the amount shown in Table 1 .2 as a weight 
percentage of the control powder composition. Mix A utilised flow agent Aerosil 200 (average particle size = 12 nm) 
and mix B utilised flow agent Aerosil R812 (average particle size = 7 nm), both available from Degussa Corporation. 
The results of the flow characteris- tics are set forth in Table 1 .2, where it is shown that the flow characteristics of the 
metal powder are extended beyond 200° F (95X) by the addition of both flow agents. 

Such an extension enables these powder compositions to be used in warm compaction processing where it is desired 
to heat the powder to higher temperatures approaching the die temperature prior to compaction. The designation NF 
signifies that the powder did not flow under the stated conditions. 

TABLE 1 .2 TEMPERATURE (°F) MIX WT% 70 200 250 300 FLOWAGENT A 0. 03 26.7 23.3 25.6 29.3 B 0. 03 27.0 
24 3 27 3 NF Ref 0 22 3 29 0 NF NF Example 2 The improvement in the flow characteristics of the powder 
composition containing a ferrophosphorus alloying powder by the addition of a flow agent according to the present 
invention was studied. A base powder composition as set forth in Table 2.1 was used as the reference pow- der, 
where the lubricant and binder were the same as in Example 1. This powder was prepared by dry blending the 
ANCORSTEEL 1000B powder with the ferrophosphorus powder (15-16% wt, P; Hoeganaes, Sweden) and then 
admixing the binding agent, dissolved in acetone (about 10% wt. bind- ing agent), and blending with a spatula in an 
appropriate sized steel bowl until the powder was well wetted. The solvent was then removed by air drying, and the 
mixture was coaxed through a 60-mesh screen to break up any large agglomerates that may have formed during the 
drying how- ever no significant agglomeration was noticed. Finally, the entire amount of lubricant was blended with 
the pow- der composition. Blending was conducted until the powder composition reached a substantially 
homogeneous state. 

TABLE 2 1 Reference Mix Component Wt. % ANCORSTEEL1 000B 96. 5 Fe3P 2. 9 Lubricant 0. 45 Binder 0. 15 
Various amounts of the flow agent Aerosil 200 sili- con dioxide powder as used in Example 1 were mixed into the 
reference blend in the weight percents (of the con- trol powder composition) set forth in Table 2.2 to form mixes ; C-E. 
The results of the flow characteristics are set forth in Table 2.2, where it is shown that the flow characteristics of the 
reference powder are significantly improved upon the addition of the silicon dioxide powder. 

TABLE 2 2 TEMPERATURE (°F) MIX WT% 70 200 260 270 280 290 FLOW AGENT C 0.04 26.7 23.3 23.0 23.6 25.4 
NF D 0 08 26 0 23 5 23.4 23.0 22.7 24.6 E 0.12 25.6 23.9 24.3 23.7 23.4 24.5 Ref. 0 22.3 29.0 NF NF NF NF I 
Example 3 The flow characteristics of the metal powder compo- sitions containing a silicon dioxide flow agent were en- 
hanced further by the addition of an iron oxide, Fe304, flow agent. Two different Fe304 powders were used, Bayfer- 
rox 31 8M and 330 pigments, available from Miles, Inc. The 31 8M powder (average particle size = 100 nm) was used in 
Mixes F-G and the 330 powder (average particle size = 200 nm) was used in Mix H. The powder compositions were 
prepared by blending the Fe304 powders with the Mix C from Example 2 using bottle mixing techniques. Mixes F and 
H contained 0.08% wt. iron oxide and Mix G contained 0.12% wt. iron oxide, based on the weight of Mix C. The flow 
properties of these Mixes are set forth in Table 3.1 . 

TABLE 3 1 TEMPERATURE (°F) MIX WT% 70 200 260 270 280 290 300 310 320 330 LIRON OXIDE F 0.08 26.1 
23 5 24 0 24 5 24 6 27.0 28.4 NF NF NF G 0.12 26.2 23.9 24.0 24.5 24.6 27.9 30.0 30.1 30.6 31 .5 H 0.08 27.5 22.3 
22.9 24.7 28.5 30.8 NF NF NF NF Through the addition of the flow agents, the metal powder compositions can be 
processed at increasingly high temperatures. 

Example 4 The effects on the ejection forces required to re- move the compacted part from the die cavity were studied 
with the unexpected finding that the addition of the flow agents significantly reduced both the peak ejection force and 
peak ejection pressure. The peak ejection force is defined as the maximum force per unit cross-sectional area of the 
die cavity registered during the ejection of the compacted part from the die-this is a measure of the maximum force 
applied to the punch to push the com- pacted part out of the die cavity. The peak ejection pressure is calculated as the 
quotient of the maximum load during ejection divided by the total cross-sectional area of the part in contact with the die 
surface-this is a measure of the maximum friction force between the surfaces of the compacted part and the die that 
must be overcome to finish the ejection process. 

A reference composition mix was prepared as set forth in Table 4.1 using the same FeP powder, lubricant, and binder 
as used in Example 2. Experimental mixes CI, Dl, El and Fl were prepared containing similar amounts of the flow 
agent (s) as mixes C-F in Examples 2-3. That is, 0.04% wt., 0.08% wt., and 0.12% wt. of Aerosil 200 sill- - con i dioxide 
powder was added to the reference mix to form mixes CI. D1 and E1 , respectively, and 0.04% wt. Aerosil 200 powder 
and 0.08% wt. Bayferrox 31 8M Fe304 powder were added to the reference mix to form mix F1. 

TABLE 4.1 Reference Mix Component Wt. % ANCORSTEEL1000B 96. 5 Fe3P 2, 9 Lubricant 0.45 Binder 0 -15 The 
mixes were then compacted at a pressure of 50 tons per square inch (tsi) at a temperature of about 300 F (1 50 C). 
The peak ejection forces and peak ejection pressures are shown in Table 4.2. The presence of the flow agents 
markedly reduced the ejection force and pres- sure thus providing a further benefit from their incorpo- ration into the 
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Table 4.2 MIX PEAK EJECTION FORCE PEAK EJECTION PRESSURE (tsi) (ksi) Reference 3.62 7.2 C1 2. 86 5. 7 
D1 2. 83 5. 7 E1 2. 79 5. 6 F1 3. 05 6. 1 Example 5 The benefits from the addition of the flow agent to the flow 
characteristics of a metal powder were studied where the iron-based powder was a prealloyed iron mate- rial. The 
iron-based powder used in this experiment was Hoeganaes 85HP powder, and the composition of the control powder 
is set forth in Table 5.1. The graphite, lubri- cant, and binding agent were the same materials as in Example 1 . To this 
control powder was added 0.04% wt. of the Aerosil 200 silicon dioxide powder to prepare test Mix I. 

! TABLE 5.1 Component Reference Mix Wt% Ancorsteel 85HP Steel Powder 94, 9 Nickell 4 Graphite 0. 5 Lubricant 0. 
; 45 Binder 0. 15 UNCO Nickel Powder 123; INCO Ltd. 

i 

The flow characteristics for these two powders at various temperatures is set forth in Table 5.2. The in- troduction of 
the flow agent markedly extended the tern- perature region wherein the powder will flow. 

TABLE 5.2 TEMPERATURE (°F) MIX WT% FLOW 70 250 270 280 290 300 AGENT Reference 0 25.0 NF NF NF NF 
NF 1 0.04 125.0 27.0 27.0 27.0 NF Example 6 The following example demonstrates the improved flow and filling 
characteristics when a bonded iron powder mix is subjected to testing in a die filling simulator at increasing filling shoe 
j rates, The die filling simulator, which utilizes polished rectangular cavities of different dimensions and a rectangular 
j filling shoe, was used to study powder with a basic composition according to Table 6.1 . Results from two cavity 
dimensions (L= 30mm, H=30 mm, W= 13mm) with measured volumes of 1 1,7 cm3 a nd 1 .8 cm3, respectively, were 
used in this study. The filling was done with the cavities oriented in parallel with the filling shoe direction. The data on 
the filling density in the two cavities were treated according to the formula Filling Index = (FDmax-FDmin)/FDmax (II) 
where FDmax = Filling density (g/cm3) of the larger cavity FDmin = Filling density (g/cm3) of the smaller cavity Thus 
the smaller the Filling Index, the more even filling is experienced, i. e. the less sensitive is the powder to the cavity 
dimensions. 

1 TABLE 6.1 Reference Mix Component Wt. % ASC100.291 balance Graphite2 0. 5 Lubricant3 0. 45 Binder4 0. 15 Cu5 
j 2, 0 1-Pure iron powder; Hoganas AB, Sweden 2-Graphite; C-uf4; Grafitwerk Kropfmuhl AG, Germany 3-Ethylene bis- 
; stearamide; Hoechst Wax C Micropowder PM; Clariant GmbH.Germany 4-Polyvinyl acetate; Vinac B15; Air Products 
and Chemicals Inc, USA 5-Copper; Cu-200; Makin, UK The results in Table 6.2 demonstrate the impact of the addition 
of 0,04% Aerosil 200 to the above bonded mix. Two effects are seen: A smaller Filling Index, i, e. more even filling, 
and a better, more even performance at high filling shoe speeds. 

Filling indices at different feed shoe rates Table 6.2 Filling Shoe No flowagent 0.04% Aerosil rate 200 (mm/s) 30 8. 13 
% 5.31 % 60 8. 02 % 5.17 % %5.08%1 157.99 160 15. 80 % 5.24 % 
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CLAIMS 1. An improved metallurgical powder composition com- prising (a) a major amount of an iron based metal 
powder and (b) a minor amount of a particulate inorganic oxide having an average particle size below 500 nm. 

2. The metallurgical powder composition of claim 1 , wherein the iron based powder constitutes at least about 85% of 
the composition and the amount of oxide is between 0.005 to 2% by weight. 



3. The metallurgical powder composition of claim 2, wherein the particulate inorganic oxide is silicon di- oxide having 
an average particle size below about 40 nm. 

4. The metallurgical powder composition of claim 2, wherein the inorganic oxide selected from the group con- sisting of 
aluminium, copper, iron, nickel, titanium, gold, silver, platinum, palladium, bismuth, cobalt, man- ganese, magnesium, 
lead, tin, vanadium, yttrium, niobium, tungsten and zirconium. 

5 The metallurgical composition of claim 1 , further comprising an additive selected from the group consisting of 
lubricants, graphite, binding agents, thermoplastic materials and plastizisers. 

6 The metallurgical composition of claim 5 comprising in addition to the particulate inorganic oxide 0.1-2 % by weight 
of lubricant 0.005-3"binding agent 0-0.5"plastiziser 0.01-3 M graphite 0-2 H thermoplastic 0-7"alloying elements the 
balance being an iron powder selected from the group essentially pure iron powders, partially prealloyed iron powders 
and prealloyed iron powders. 

7. The metallurgical composition of claim 6, wherein the lubricant is selected from the group consisting of amide 
containing waxes or metal stearates, the binding agent is selected from the group consisting of tall oil, polyethylene 
glycols, polypropylene glycols, glycerol, polyvinyl alcohols, polyvinyl acetates, cellulosic esters or ether resins, 
methacrylate polymers or copolymers, alkyd resins, polyurethane resins, polyester resins other than alkyd resins or 
polyvinyl pyrrolidone, the plastiziser is selected from the group consisting of polyethylene glycols, glycerol and its 
esters, esters of organic diacids, sorbitols, phosphate esters, cellulose esters, arylsulfonamide-formaldehyde resins or 
long chain alcohols, the thermoplastic material is selected from the group consisting of polyethersulfones, 
polyetherimides, polycarbonates or polyphenylene ethers and the inorganic oxide is silicon oxide in an amount of 
about 0.005 to about 2 % by weight and having an average particle size between about 1 and 25 nanometer. 

8. A method of making a compacted powder metallurgical part, comprising the steps of: (a) providing a metallurgical 
powder composition comprising at least about 90 percent by weight of an iron-based metal powder, and from about 
0.005 to about 2 percent by weight of a metal or metal oxide powder having an average particle size below about 500 
nanometers ; and (b) compacting the metallurgical powder composition in a die at a pressure of about 5-200 tons per 
square inch to form said part. 

9. The method according to claim 7 wherein the compaction is carried out at a temperature above 70 preferably above 
I 125°C. 

I 

10. The method according to claim 9 wherein the compaction is carried out between 125 and 370°C. 
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